INTRODUCTION
Neovascular age-related macular degeneration (nAMD), which is characterized by choroidal neovascularization (CNV), affects 10% to 15% of patients with AMD but accounts for 90% of the severe vision loss caused by AMD. 1 It is expected that with the aging population, there will be a significant increase in the number of cases of AMD in the United States. The abnormal blood vessels in CNV grow, leak fluid, and bleed, thus damaging the structure and function of the retina layers and leading to loss of central vision.
To reduce this visual loss, current clinical practice for pharmacological treatment of nAMD relies on drugs with anti-angiogenic activity, including ranibizumab (Lucentis; Genentech, South San Francisco, CA), bevacizumab (Avastin; Genentech, South San Francisco, CA), and aflibercept (Eylea; Regeneron, Tarrytown, NY). These agents function by binding and blocking the activity of vascular endothelial growth factor (VEGF). With ongoing repeated anti-VEGF injections, we can see reduced exudation from the CNV, stabilization of visual acuity (VA) in most cases, and visual improvement in some cases. Although these agents suppress leakage from the neovascular tissue, they do not have a lasting effect on the underlying choroidal neovasculature that is present at the time of diagnosis and continues to progress and grow in the majority of patients.
An immunoconjugate protein known as ICON-1 (Iconic Therapeutics, South San Francisco, CA) has been developed as a therapeutic candidate ( Figure 1 ) for treating neovascular AMD. The effector domain of ICON-1 is a fully functional Fc region of human immunoglobulin G1 (IgG1), which can bind Fc receptor bearing cells such as the natural killer cells that mediate antibody-dependent cellular cytotoxicity. 2 The targeting domain is a modified (proteolytically inactive) version of activated plasma coagulation factor VIIa (FVIIa), which binds with high affinity to the tissue factor (TF) that is overexpressed on the choroidal neovasculature of AMD but does not interfere with normal blood coagulation. 3, 4 TF is a 46 kD transmembrane cell-surface receptor for plasma coagulation factor VII (FVII) and its activated form FVIIa that is constitutively expressed on vascular subendothelial cells (pericytes). 5 Upon vascular injury, TF binds FVII to form the TF/VIIa complex, which initiates the extrinsic coagulation cascade by activating downstream coagulation factors (X, V, II, I). The TF/VIIa complex also mediates intracellular signaling through protease-activated receptors, and promotes inflammation mediated by TNF-a, IL-1, IL-6, IL-8, MIP-2a/CXCL2a, C5a, and other proinflammatory and proangiogenic cytokines. [6] [7] [8] [9] [10] [11] [12] TF is undetectable on normal ocular blood vessels, but its enhanced expression in nAMD has been reported by Cho et al. 6 These findings implicate TF as a key molecular contributor of the inflammatory and angiogenic processes underlying nAMD. Prior findings suggest that proinflammatory cytokines and VEGF in turn stimulate expression of TF on the choroidal neovasculature, and that such reciprocal, stimulatory molecular interactions perpetuate the neovascular pathology of AMD and contribute to the continuous progression of the disease. 7 Interfering with TF-mediated signaling pathways may therefore provide a novel therapeutic approach for the treatment of nAMD, and potential to differentiate from the anti-VEGF agents by affecting the underlying CNV lesion progression.
Through its targeting domain, ICON-1 may interfere with the TF-mediated stimulation of both angiogenesis and inflammation in nAMD. In addition, ICON-1, by binding TF present on CNV, may direct the cytolytic response that its effector domain can elicit and reduce or remove the pathologic neovasculature in the same manner other Fc-fusion proteins have been shown to be capable of doing in solid tumors. 13 In two different animal models of CNV, ICON molecules have been shown to be effective in additionally removing pathological new vessels. This article reports the 6-month results of a phase 1 study that evaluated the safety and tolerability of single intravitreous injections (IVIs) of ICON-1, followed by treatment as needed with anti-VEGF drugs according to standard clinical care in patients with nAMD.
PATIENTS AND METHODS

Study Design
The primary objective of this study was to evaluate the safety and tolerability of single The trial was a prospective, open-label, dose escalation, multicenter, nonrandomized study conducted in the United States with sequential cohort enrollment. Safety and biological activity of ICON-1 in nAMD were evaluated in subjects previously treated with anti-VEGF or who were treatment-naïve. A medical review committee monitored patient safety throughout the study. Dosing and escalation to the next dose level occurred in a sequential manner (Figure 2) , based on medical review of the clinical safety data from each dose cohort. The study was initiated in October 2010, and the last patient completed the study in July 2012.
Selection of Doses for the Study
The efficacy of ICON-1 in a CNV animal model, and the safety of a single IVI of up to 600 µg in minipigs or 150 µg of ICON-1 in rabbits for a period of 28 Figure 2 . Schema of sequential enrollment into the phase 1 dose-escalation study. Six subjects were enrolled sequentially in each of the three dosing cohorts and received an intravitreal injection of different volumes of 3 mg/mL solution of ICON-1. The first cohort received a single injection of 20 µL/60 µg ICON-1, the second cohort received a single injection of 50 µL/150 µg ICON-1, and the third cohort received a single injection of 100 µL/300 µg ICON-1. The initial three subjects in each cohort had established neovascular agerelated macular degeneration and could have had prior therapy, whereas subjects four, five, and six were more recently diagnosed and treatment-naïve. The maximum tolerated dose was defined as the dose at which no more than one of six subjects had a significant ocular safety event.
days or 15 days, respectively, supported the proposed single injection, escalating dose design of this phase 1 study, with an initial dose of 60 µg per injection.
Patient Selection
Patients were eligible to participate in the study if they were men or women older than 50 years of age and able to provide written informed consent. Patients were ineligible if they had ever been treated with any investigational agent or had an anti-VEGF treatment in the study eye within 60 days of baseline, were allergic to or had prior significant adverse reaction to fluorescein dye, or had a blood pressure of greater than 160/90 mm Hg. There were no additional restrictions regarding the systemic medications for concomitant diseases in patients with wet AMD.
Key ocular inclusion criteria in the study eye were: active CNV due to AMD, as evidenced on FA and OCT, with subretinal hemorrhage (if present) smaller than 50% of the total lesion size. In the first three patients (first, second, and third) enrolled in each cohort, there was no restriction in CNV lesion size and number of prior treatments; in the second three patients (fourth, fifth, and sixth) enrolled in each cohort, a total CNV lesion area less than 6 disc areas, of which at least 50% was actively leaking and at least 30% of the CNV was determined to be classic on the FA, was required. In each dose cohort, the first three patients enrolled had more advanced CNV and any number of previous anti-VEGF treatments, whereas the second three patients enrolled were treatment-naïve. BCVA eligibility criteria were 20/80 Snellen equivalent to Count Fingers. Only one eye of each patient was treated; if VA was the same in both eyes, the eye with the most active CNV was selected to be the study eye. Clear ocular media and adequate pupillary dilation in the study eye were required to permit retina photography.
Key ocular exclusion criteria in the study eye included: any retinal vascular disease or retinal degeneration other than AMD, serous pigment epithelial detachment without the presence of CNV, pigment 
Study Drug and Doses
The study drug was supplied in single-use glass vials, each containing 0. 
Study Procedures
If no more than one of six patients in a dose cohort experienced a significant safety event (SSE), dose escalation would occur to the next dose level cohort. If two of six patients experienced a SSE at any dose, no additional patients would be enrolled. The maximum tolerated dose of ICON-1 was defined as the maximum dose at which no more than one of six subjects had a confirmed SSE in each cohort. Therapy with standard anti-VEGF was allowed starting at the earliest 2 weeks after the single injection of ICON-1, at the investigators' discretion. By protocol, rescue therapy with ranibizumab was available starting at week 2 in patients who experienced a BCVA loss of 10 letters or more from baseline.
The study assessments for safety and biological activity (adverse events 24, when patients were again assessed for safety and biological activity. Heparinized blood (2 mL) for measurement of levels of ICON-1 was drawn at baseline (day 1) pre-dose and at 2, 4, and 24 hours postdose. Heparinized blood (2 mL) for measurement of levels of anti-ICON-1 antibodies was drawn on day 1 pre-dose; on days 8, 15, 29, 57; and at week 12.
Statistical Methods
This was an open-label phase 1 study and no formal statistical power calculation was performed. All study data were summarized using descriptive statistics. Efficacy parameters were described using mean, standard deviation, minimum, maximum, and sample size. Safety data were summarized for all patients who received one dose of ICON-1. Missing visits data were handled by the last-observation-carried-forward method. All patients completed the 6-month study follow-up.
RESULTS
A total of 18 patients were enrolled in the study, and all completed the study as planned; none with- drew prematurely. Demographics and study eye ocular characteristics of the 18 subjects are presented in Table 1 . The patients had a mean age of 76, 82, and 79 years in Cohorts 1, 2, and 3, respectively, and 10 of the 18 patients were male. Nine patients (50%) had received prior treatment for CNV due to AMD in the study eye, and nine were treatment-naïve. Five study eyes were pseudophakic. The most common concomitant medical problems at baseline were vascular disorders (13 patients, 72%) and metabolism and nutrition disorders (13 patients).
The mean BCVA score in the study eye at baseline was 55, 48, and 57 letters in Cohorts 1, 2, and 3, respectively. The first three subjects enrolled in each cohort had worse BCVA levels compared to the fourth, fifth, and sixth subjects enrolled in each cohort. The mean CRT (center subfield) in the study eye at baseline was 426.3 µm, 316.8 µm, and 496.3 µm in Cohorts 1, 2, and 3, respectively. The mean area of the CNV lesion at baseline was higher in Cohort 1, with 28.0 mm2, and lower in Cohorts 2 and 3, with 19.8 mm2 and 16.5 mm2, respectively (Table 1 ). All IOP measurements were within normal range at baseline. Table 2 presents the types and frequencies of reported adverse events (AEs) in the study eye. All subjects had at least one AE reported. There were no deaths in the study, and no AE led to premature discontinuation from the study. One serious adverse event (SAE) was reported in a 75-year-old male patient who received study drug at a dose of 300 µg: 23 days after the single IVT with ICON-1, the subject was hospitalized with flu-like symptoms, sore throat, and vague chest symptoms; premature atrial contractions were noted. The investigator considered and reported the SAE as not related to study drug. No other significant or unexpected AEs were reported. Thirteen subjects had at least one ocular AE in the study eye. One AE, a case of mild vitritis in Cohort 3, was considered by the investigator to be related to the study drug. Overall, the most frequently reported AEs were eye disorders, and they were mostly related to the injection procedure: conjunctival hemorrhage, conjunctival edema, vitreous floaters, anterior chamber cell, and eye pain. All ocular AEs were graded "mild" or "moderate."
Safety and Tolerability Analysis
Reported non-ocular AEs were gingival, upper respiratory, sinus, and urinary tract infections. Routine hematology and chemistry laboratory tests were not performed in this study.
During the study, no subject experienced a significant safety event (SSE), and ICON-1 was welltolerated for the highest dose of 300 µg tested. The maximum tolerated dose as defined in this study was therefore not reached and will be further explored in future studies. 
Pharmacokinetics and Immunogenicity
In the majority of the plasma samples assayed (88%), the levels of ICON-1 were below the lower limit of quantification of 20 ng/mL. None of the subjects in this study developed detectable antibodies to ICON-1 up to 12 weeks after receiving an IVT injection of up to 300 µg of ICON-1.
Biological Activity
The most evident changes from baseline were observed in the highest, 300 µg dose group (Cohort 3). In this cohort, a mean BCVA change of +8 letters was observed 2 weeks after the single injection of ICON-1 (Figure 3) . Similarly, a reduction in the mean CRT from baseline was most apparent in the same Cohort 3 patients starting at week 2 after the study treatment (Figure 4 ). These findings continued to be observed at week 4 and were maintained throughout the 24 weeks of the study. Many of these patients did receive anti-VEGF injections as allowed in the protocol after the single dose of ICON-1. Figure 5 shows the outcome for an 83-yearold white female patient with treatment-naïve CNV at baseline who was treated with a single IVI dose of 300 µg of ICON-1. At baseline, this patient presented with a BCVA of 58 letters, and a CRT of 467 µm. Two weeks after the single IVI of ICON-1, the patient gained +16 letters compared to baseline, and her CRT was reduced by -148 µm. These effects continued to be observed at week 4, with +11 letters in BCVA and -175 µm compared to baseline, together with a reduction in the CNV leakage and lesion area. After the week 4 visit, this patient initiated standard of care CNV treatment with ranibizumab until the completion of the 24-weeks followup in the study. 
DISCUSSION
Angiogenesis and inflammation are the key pathogenic processes that underlie nAMD. By binding to TF expressed on the choroidal neovasculature through its modified FVIIa domain, ICON-1 has the potential to interfere with these intracellular signaling processes responsible for inflammatory cytokines and VEGF release and thus to potentially impact the course of this blinding macular disease. Preclinical data show that via its Fc domain, ICON-1 can recruit and activate the innate immune system (via natural killer cell-mediated cytotoxicity) to reduce or remove pathologic neovascular cells, providing an additional mechanism for slowing or halting disease progression. 3, 4 In the study reported here, a single IVI dose of ICON-1 was found to be safe and well-tolerated at all doses tested (60 µg, 150 µg, and 300 µg). There were no dose-limiting toxicities identified in the study population, and the maximum tolerated dose was not reached in this study.
AEs were experienced by all patients. The most frequently observed included conjunctival hemorrhage, vitreous floaters, conjunctival edema, and signs of macular degeneration progression. No unexpected or significant safety concerns were observed in patients who were treatment-naïve for their CNV, in patients who previously received anti-VEGF treatments, or in patients who continued with anti-VEGF treatment after the single dose of ICON-1. The patients enrolled in the study presented with a medical history representative of nAMD patients. One patient was reported with a SAE due to a preexisting and concomitant medical condition. Systemic concentrations of ICON-1 were not detected after IVT administration. None of the study patients developed anti-ICON-1 antibodies up to 12 weeks after receiving an IVI.
Following a single IVI dose of ICON-1, mean BCVA improved by +8 letters by week 2 compared to baseline in subjects treated with the highest dose of 300 µg ICON-1. Reductions in mean CRT were also observed early after the single dose, and, consistent with the improvements in BCVA, this decrease was most evident for subjects receiving the 300-µg dose of ICON-1. Furthermore, the CNV lesion size and leakage were reduced in some patients. These biological effects of a single dose of ICON-1 in monotherapy can be best appreciated at 2 weeks and up to 4 weeks following treatment, prior to continuing or initiating treatment with an anti-VEGF agent, as the design of the trial allowed investigators to treat with anti-VEGF therapy as their standard of care after week 2 if desired, or if the rescue criterion was met. As a phase 1 clinical trial, the number of patients was small and many patients had prior or subsequent anti-VEGF injections; therefore, no efficacy conclusions can be drawn. However, evidence of biologic activity was demonstrated anatomically and visually in both treatment-naïve patients after receiving only study drug and in patients who had received multiple prior anti-VEGF injections who had persistent fluid and were no longer improving visually.
The clinical observations in this study are consistent with the preclinical findings of CNV size and exudation reduction in eyes treated with the ICON molecule. Taken together, the data support the novel therapeutic potential of ICON-1 to halt CNV activity and lesion progression by interfering with the underlying CNV pathological process. The absence of dose related toxicities and the signs of biological effect most evident with the 300-µg dose tested in this study support further clinical exploration of intravitreal ICON-1 with higher doses and in multiple IVI administration. The novel mechanism of action of ICON-1, distinct from anti-VEGF agents, on CNV lesion progression has the potential to add to our abilities to halt or reverse the disease and lead to long term benefits in patients with CNV due to AMD.
In conclusion, this first-in-human trial of a single intravitreous injection of ICON-1, a modified FVIIaIgG1 Fc immunoconjugate fusion protein, administered at three dose levels, demonstrated that ICON-1 was safe and well-tolerated. During the study, no subjects experienced a significant safety event, even at the maximum planned dose of 300 µg; thus, doserelated toxicities and a maximum tolerated dose were not established. No quantifiable systemic levels of study drug or antibodies to study drug were detected. Preliminary signs of biological activity were seen with the 300 µg dose (highest dose tested) as early as 2 weeks after the single IVI, with improvement in mean BCVA, reduction in mean CRT, and a decrease in CNV lesion and leakage in some patients.
The aberrant expression of TF in CNV makes this protein a new target for nAMD. ICON-1 through its interaction with TF may bring a novel mechanism of action into the clinical arena. Blockade of TF pathologic signaling, along with activation of an immune response against the abnormal choroidal neovascular cells, has the potential to provide a differentiated, new biological outcome with improved clinical benefits to patients compared to current standard of clinical care. This therapy has the potential to particularly address the clinical need in patients for whom, despite ongoing treatment with anti-VEGF, the CNV lesion continues to be active, progress to advanced stages, and lead to visual loss. Therefore, these initial results support and warrant further evaluation of the possible biological and clinical activity observed with ICON-1.
